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Field of the Invention 

The present invention concerns methods of increasing gamete production, e.g., 
ovulation, in animals such as pigs, sheep, rats and mice, along with compounds and 
compositions useful for carrying out such methods. 



Follicle stimulating hormone (FSH) is an a/p heterodimer produced only in 
pituitary gonadotropes, which comprise 3-8% of all pituitary cells. It is named for its 
ability to stimulate follicle growth and maturation in females. Follicle stimulating 
hormone stimulates the granulosa cells that surround and nurture the developing 
oocyte (egg) in the follicle. Spermatogenesis also relies heavily on FSH which 
induces Sertoli cell division in early life. In later life, FSH works in conjunction with 
testosterone to stimulate Sertoli cells to nurture spermatogonia as they develop into 
sperm. A number of hormones from the hypothalamus, gonads and the pituitary 
itself, help regulate FSH. 

Current technology for increasing ovulation and birthing rates in mammals 
involves the timed injections of relatively expensive hormones that act like FSH, 
followed by an injection of human chorionic gonadotropin for ovulation. Increasing 
ovulation is useful when oocytes are collected from animals for the purpose of being 
injected with specific genes to produce valuable transgenic offspring or from elite 
breeding animals for subsequent in vitro fertilization and implantation into a foster 
parent. Increasing ovulation is also useful for animals such as pigs, where it is 
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desirable to increase the litter size of breeding animals so that the corresponding 
numbers of breeding animals that must be maintained can be reduced. Increasing litter 
size is also useful for endangered species where the number of breeding animals in 
captivity is small. Accordingly, it would be extremely useful to provide a simple and 
effective approach for increasing the production of gametes in animals. 

Summary of the Invention 

FSHfi Locus control regions. Certain aspects of the present invention relate to 
the locus control regions discovered by applicants. Thus, a first aspect of the present 
invention is an isolated nucleic acid active as an FSH(3 locus control region. A further 
aspect of the present invention is an isolated nucleic acid construct comprising at least 
one locus control region as described above operatively associated with a promoter. 
The promoter may be a heterologous promoter or homologous promoter, and where a 
homologous promoter the isolated nucleic acid may or may not include intervening 
segments. A nucleic acid of interest may be coupled to and operatively associated 
with the promoter in the construct. 

A further aspect of the present invention is a method of transforming a host 
cell, comprising: (a) providing a nucleic acid construct as described above, and then 
(b) introducing the construct into the host cell {e.g., by lipofection or microinjection). 
In preferred embodiments a nucleic acid of interest is operatively associated with the 
promoter, and the nucleic acid of interest is transcribed, and preferably translated and 
expressed, in the host cell. 

A further aspect of the present invention is a recombinant host cell containing 
a nucleic acid construct as described above. In one embodiment, the host cell is a 
gonadotrope cell, and the nucleic acid of interest encodes a detectable marker protein 
or peptide such as luciferase. Such cells are useful in bioassays for determining the 
activity of compounds that stimulate gonadotrope cells. 

A further aspect of the present invention method of making a non-human 
transgenic animal, comprising the steps of: (a) providing a nucleic acid construct as 
described above, the construct preferably comprising a nucleic acid of interest 
operatively associated with the promoter; (b) introducing (e.g., by microinjection or 
lipofection) the nucleic acid construct into a mammalian oocyte or other suitable 
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embryonic cell; (c) implanting the oocyte or other suitable embryonic cell into 
suitable host, such as a pseudopregnant female host; and then (d) raising the 
transgenic animal to viability from the oocyte or other suitable embryonic cell in the 
host; the transgenic animal preferably comprising anterior pituitary cells (particularly 
gonadotrope cells) that contain and transcribe the nucleic acid of interest. 

A further aspect of the present invention is a transgenic non-human animal, 
the animal comprising anterior pituitary cells that contain a nucleic acid construct as 
described above, the construct further comprising a nucleic acid of interest operatively 
associated with the promoter, with the anterior pituitary cells transcribing the nucleic 
acid of interest (e.g., a mutated tet receptor; luciferase). 

Switches incorporating FSHp LCRs. Additional aspects of the present 
invention relate to the implementations of genetic switches as discovered by 
applicant. Thus, one aspect of the present invention is a recombinant nucleic acid, 
comprising: (a) a response element (e.g., a tet operator); and (b) a nucleic acid 
encoding FSHP operatively associated with the response element. Preferably the 
recombinant nucleic acid further comprises (c) an FSHp promoter; (d) an FSHp locus 
control region operatively associated with the FSHp promoter; and (e) a nucleic acid 
encoding a ligand-controllable receptor operatively associated with the FSHp 
promoter, wherein the receptor binds to the response element in the presence of the 
ligand when expressed in a host cell, though elements (c), (d) 9 and (e) could 
optionally be provided on a separate, second nucleic acid which is co-transfected 
along with a first nucleic acid comprising elements (a) and (b) into a common host 
cell. 

A further aspect of the present invention is a host cell containing the 
recombinant nucleic acid described immediately above. 

A still further aspect of the present invention is a method of making a non- 
human transgenic animal, comprising the steps of: (a) providing a recombinant 
nucleic acid as described above (i.e., one containing elements a-e as described above, 
separately or together as described above); (b) introducing the nucleic acid construct 
into a mammalian oocyte or other suitable embryonic cell; (c) implanting the oocyte 
embryonic cell in a suitable host such as a pseudopregnant female host; and then (d) 
raising the transgenic animal to viability from the oocyte or other suitable embryonic 
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cell in the host; wherein the animal produces greater levels of FSHp and greater 
numbers of gametes when administered the ligand than when not administered the 
ligand. 

A further aspect of the present invention is a transgenic non-human animal, 
the animal comprising cells that contain: (a) a response element; (b) a nucleic acid 
encoding FSHP operatively associated with the response element, (c) an FSHP 
promoter; (d) an FSHp locus control region operatively associated with the FSHp 
promoter; and (e) a nucleic acid encoding a ligand-controllable receptor operatively 
associated with the FSHp promoter, wherein the receptor binds to the response 
element in the presence of the ligand when expressed in a host cell; and wherein the 
animal produces greater levels of FSHP and greater numbers of gametes when 
administered said ligand than when not administered said ligand. 

A still further aspect of the present invention is a method of enhancing the 
production of gametes in a transgenic non-human animal, comprising the steps of: (a) 
providing a transgenic non-human animal selected from the group consisting of mice, 
sheep pigs or cows, the animal comprising cells that contain: (i) a response element; 
(ii) a nucleic acid encoding FSHp operatively associated with the response element; 
(Hi) an FSHp promoter; (iv) an FSHp locus control region operatively associated with 
the FSHP promoter; and (v) a nucleic acid encoding a ligand-controllable receptor 
operatively associated with the FSHp promoter, wherein the receptor binds to the 
response element in the presence of the ligand when expressed in a host cell; (b) 
administering the ligand to the animal mouse or pig in an amount effective to (i) 
stimulate the production of FSHp in the animal above that found in a corresponding 
untransformed type mouse or pig; and (ii) stimulate the production of gametes in the 
animal to a level greater than that found in the corresponding untransformed animal. 
The animal may be a male and the gametes are sperm; the animal may be a female 
and the gametes oocytes. The gametes may be harvested from the animal, or, in the 
case of females, the method may further comprise the step of (c) mating the animal to 
produce a litter of offspring therefrom, the size of the litter being greater than the size 
of a litter produced by the corresponding untransformed animal, the administering 
step may be carried out by any suitable technique, such as feeding the ligand to the 
animal or parenterally injecting the ligand into the animal. 
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Gilts in the USA normally ovulate 12-15 oocytes and give birth to -10 piglets 
per pregnancy (Nat. Agric. Stat. Service, 2001). The present invention provided 
increased ovulation in pigs which can lead directly to increased birthing of piglets and 
can also be used to selectively breed for even larger litters. Meishan pigs, for 
instance, have higher ovulation rates and produce 20-30 piglets/litter. There are 6 
million breeding sows in the USA with - 2.5 litters/year. Since $10 is gained for each 
"extra" piglet, $450 million/y would be gained if litter size increased by just 3 piglets. 
There are 4.8 million breeding ewes in the USA. If each produced 2.5 lambs instead 
of 1.5, and if $10 is added for the extra lamb, $48 million/yr would be gained. 
Spermatogenesis is often limiting in pig production. Increased sperm production (2x) 
would increase profits by ~$10 million/yr (estimate by W. Flowers, Animal Sciences, 
NCSU). Benefits can also be calculated in terms of smaller breeding herds and less 
waste. 

The total increase in value from pig and lamb production could reasonably be 
$508 million/y. If savings from the transgenic industry (see below) are included, 
overall gains could be >$600 million annually. 

Transgenic mouse facilities are found at many universities in the USA (> 200). 
There are also >20 transgenic facilities specializing in pigs, cattle and/or sheep. 
Eliminating fertility drugs ($5/mouse), decreasing personnel costs and knowing that 
every animal will yield superovulated oocytes will cut transgenic costs considerably. 
A problem for transgenic facilities is the timing of fertility drug treatment. Use of the 
present invention will enhance proper timing. If the switch increases ovulation >2.4- 
fold, oocyte production can be achieved even more efficiently. Such an increase 
would create major benefits for the transgenic/cloning industry. 

The present invention is explained in greater detail in the drawings herein and 
the specification below. 

Brief Description of the Drawings 
Figure 1 schematically illustrates an embodiment of the invention in which 
the FSHp switch (p-tetO DNA construct) is controlled by the ovine FSH|3 promoter 
which expresses it ONLY in pituitary gonadotropes. It is not expressed anywhere else 
in the body. When doxycycline (Dox) is present, it turns on expression of the ovine 
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FSHp subunit which joins with excess alpha subunit in gonadotropes to make FSH. 
The "extra" FSH stimulates the ovary to ovulate more oocytes than normal. 

Figure 2 schematically illustrates cross-species conservation of the FSHP 
promoter and the FSHp 5* locus control regions (LCRs). 

Figure 3 demonstrates results obtained with transgenic animals of the present 
invention. Female mice (7 weeks old) were fed rat chow ± Dox (6 gm/kg) and were 
put with males 6 days after feeding began. Females were checked for copulation 
plugs am and pm and were euthanized the morning plugs were found; uteri and 
ovaries were excised from each mouse and oocytes were freed from the ampulla and 
separated from cumulus cells with hyaluronidase (Fig 3B). Oocytes were counted 
(see Fig 3A). All Dox-fed mice ovulated within 5 days of male exposure except one 
(19 days) and it produced 90 oocytes. These 90 oocytes are shown in Figure B and 
appeared normal. 

Detailed Description of the Preferred Embodiments 

"Animal" as used herein refers to higher animals such as mammals and birds. 
Animals include both males and females, which genders are sometimes specified as 
such herein. 

"Mammal" as used herein refers to non-human mammals such as mice, sheep, 
pigs, rats, and cows. 

"Bird" as used herein includes but is not limited to chickens, turkeys, ducks, 
geese, quail, pheasant, ostrich, emu, whooping cranes, etc. 

"Operatively associated" or "operatively linked" as used herein with respect to 
nucleic acids indicates that the two segments of a nucleic acid functionally interact 
with one another in their intended manner in a host cell. For example, a promoter is 
operatively associated with a nucleic acid of interest when it facilitates or permits the 
transcription of the nucleic acid in a host cell; a locus control region is operatively 
associated with a promoter when it enhances the activity of the promoter to provide 
high level nucleic acid transcription in specific tissues {i.e., tissue-specific expression 
of the associated nucleic acid) 

"tet operator" as used herein is intended to encompass all classes of tet 
operators (e.g., A, B, C, D, and E). A nucleotide sequence to be transcribed can be 
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operatively linked to a single tet operator sequence, or for an enhanced range of 
regulation it can be operatively linked to multiple tet operator sequences (e.g., two, 
three, four, five, six, seven, eight, nine or ten or more operator sequences). 

"Response element" as used herein may refer to any suitable response element 
such as a tet operator that activates transcription of an operatively associated nucleic 
acid when a ligand controllable receptor binds thereto. 

"Ligand controllable receptor" as used herein refers to any transactivator 
protein that activates transcription in a corresponding response element when a ligand 
binds to that receptor and the ligand-receptor complex in turn binds to the response 
element. One example is a tetracycline-controllable transactivator fusion protein. 

"Promoter" as used herein refers to any type of promoter, including 
constitutive promoters or regulated promoters, unless otherwise specified. 

"FSH" as used herein refers to follicle stimulating hormone, particularly 
mammalian follicle stimulating hormone such as sheep, cow, mouse, pig or human 
follicle stimulating hormone. FSHa refers to the corresponding alpha chain thereof, 
and FSHP refers to the corresponding beta chain thereof. 

"Locus control region" as used herein refers to any type of locus control region 
adapted for high level performance of a promoter in a specific cell type or selected 
cell types. 

"FSHp locus control region" as used herein refers to a locus control region 
such as a mammalian locus control region which selectively enhances or facilitates 
the transcription (and potentially translation and expression) of a nucleic acid 
associated to it and a promoter in pituitary gonadotrope cells. 

"Host cell" as used herein refers to any type of cell into which a recombinant 
or heterologous nucleic acid as described herein has been inserted. Such cells are 
generally eukaryotic cells, particularly mammalian cells, including pig, cow, sheep, 
and mouse cells. The cells may be of any suitable tissue type, including gametes 
(sperm, oocytes), stem or progenitor cells, pituitary cells such as gonadotropes, etc. 
In some embodiments the host cell is preferably one that also co-expresses native 
FSHa so that the heterologous FSHp introduced by the present invention may be 
assembled into complete FSH. 
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A nucleic acid of interest as described herein may be any heterologous nucleic 
acid which it is desired to introduce into a host cell under the control of regulatory 
elements as described herein. The nucleic acid of interest may encode a protein or 
peptide, including detectable or marker proteins or peptides such as luciferase. In 
other embodiments, the nucleic acid of interest may encode a ligand controllable 
receptor, or a response element such as a tet operator. 

Applicants specifically intend that all United States patent references cited 
herein be incorporated by reference herein in their entirety. 

1. FSHB locus control regions. 

As noted above, the present invention provides nucleic acids that are locus 
control regions, and particularly FSHP locus control regions. For example, the nucleic 
acid may be: 

(a) an isolated nucleic acid having the sequence given in SEQ ID NO:l herein 
and encoding a sheep FSHp locus control region(LCR), 

(b) an isolated nucleic acid having the sequence given SEQ ID NO:3 herein 
and encoding a pig FSHp LCR, 

(c) an isolated nucleic acid having the sequence given in SEQ ID NO: 5 herein 
and encoding a human FSHP LCR; or 

(d) isolated nucleic acids at least 70%, 75%, 80%, 85%, 90%, or 95% 
homologous or identical to the isolated nucleic acid of (a), (b) or (c) above and 
encoding an FSHp locus control region, or isolated nucleic acids which hybridize to 
the isolated nucleic acids of (a), (b) or (c) above and encode an FSHp locus control 
region. Such nucleic acids can be of any suitable origin, such as from other 
mammalian species, other mammalian strains or lines of the same species, or even 
other members of the same strain or line of animals (to thereby include natural allelic 
variants thereof). Such nucleic acids may be of any suitable length, such as 600, 800 
or 900 nucleotides in length up to about 1100, 1200 or 1500 nucleotides in length, 
over which the amount or degree of homology or identity may be determined, with 
regions of low homology being ignored as discussed below. 

Percent identity or percent homology can be determined by any suitable 
technique, such as BLAST analysis as described in Altschul et al., J. Mol Biol. 215, 
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403-410, (1990) and Karlin et aL, Proc. Natl Acad. Set USA 90, 5873-5787 (1993). 
One useful BLAST program is the WU-BLAST-2 program, available obtained from 
Altschul et aL, Methods in Enzvmology , 266, 460-480 (1996). WU-BLAST-2 uses 
several search parameters, most of which are set to the default values. The adjustable 
parameters are set with the following values: overlap span =1, overlap fraction = 
0.125, word threshold (T) = 11. The HSP S and HSP S2 parameters are dynamic 
values and are established by the program itself depending upon the composition of 
the particular sequence and composition of the particular database against which the 
sequence of interest is being searched; however, the values may be adjusted to 
increase sensitivity. 

An additional useful algorithm is gapped BLAST as reported by Altschul et al 
Nucleic Acids Res, 25, 3389-3402. Gapped BLAST uses BLOSUM-62 substitution 
scores; threshold T parameter set to 9; the two-hit method to trigger ungapped 
extensions; charges gap lengths of k a cost of 10+£; X u set to 16, and X % set to 40 for 
database search stage and to 67 for the output stage of the algorithms. Gapped 
alignments are triggered by a score corresponding to -22 bits. 

Mammalian LCRs appear in many species to be divided into three subunits 
(each, for example, of about 100 or 150 to 250 or 300 nucleotides in length) of high 
homology between species, which subunits are separated by regions of low homology 
(each, for example, of about 100 or 150 to 250 to 300 nucleotides in length) between 
species. In determining the percent homology or percent identity the regions of high 
homology may be utilized and the regions of low homology ignored. 

As an alternative approach or in addition to identifying additional LCRs by 
percent homology, additional LCRs can be identified based upon their ability to 
hybridize to known LCRs, particularly under stringent wash conditions. Conditions 
which will permit other polynucleotides that code on expression for a protein of the 
present invention to hybridize to the DNA of SEQ ID NO:l or SEQ ID NO: 3 or 
SEQ ID NO: 5 disclosed herein can be determined in accordance with known 
techniques. For example, hybridization of such sequences may be carried out under 
conditions of reduced stringency, medium stringency or even stringent conditions 
(e.g., conditions represented by a wash stringency of 35-40% Formamide with 5x 
Denhardt's solution, 0.5% SDS and Ix SSPE at 37°C; conditions represented by a 
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wash stringency of 40-45% Formamide with 5x Denhardt's solution, 0.5% SDS, and 
lx SSPE at 42°C; and conditions represented by a wash stringency of 50% 
Formamide with 5x Denhardt's solution, 0.5% SDS and lx SSPE at 42°C, 
respectively) to DNA of SEQ ID NO:l or SEQ ID NO: 3 or SEQ ID NO: 5 
disclosed herein in a standard hybridization assay. See, e.g., J. Sambrook et al., 
Molecular Cloning, A Laboratory Manual (2d Ed. 1989) (Cold Spring Harbor 
Laboratory). 



2. Nucleic acid con structs and transformed host cells. 

The production of recombinant recombinant nucleic acids, vectors, 
transformed host cells, proteins and protein fragments by genetic engineering is well 
known. See, e.g., U.S. Patent No. 4,761,371 to Bell et al. at Col. 6 line 3 to Col. 9 line 
65; U.S. Patent No. 4,877,729 to Clark et al. at Col. 4 line 38 to Col. 7 line 6; U.S. 
Patent No. 4,912,038 to Schilling at Col. 3 line 26 to Col. 14 line 12; and U.S. Patent 
No. 4,879,224 to Wallner at Col. 6 line 8 to Col. 8 line 59. (Applicant specifically 
intends that the disclosure of all patent references cited herein be incorporated herein 
in their entirety by reference). 

As noted above, a further aspect of the present invention is an isolated nucleic 
acid construct comprising at least one locus control region as described above 
operatively associated with a promoter. The promoter may be a heterologous 
promoter or homologous promoter, and where a homologous promoter the isolated 
nucleic acid may or may not include intervening segments. Examples of LCRs 
associated with their corresponding homologous promoter are given in SEQ ID NO: 
2, SEQ ID NO: 4, and SEQ ID NO: 6 herein. Intervening segments between the 5' 
LCRs and the proximal promoters could optionally be deleted. The promoter may be 
positioned 3' or 5' to the locus control region (perhaps due to the tendency of some 
nucleic acids to be inserted in tandem copies, whereby an LCR that is 3' on one insert 
will be 5' as to its adjacent insert). A nucleic acid of interest may be coupled to and 
operatively associated with the promoter, particularly to carry out some of the 
methods described herein. 

A vector is a replicable nucleic acid construct or a nucleic acid construct used 
to insert particular nucleic acid constructs into a host cell. Vectors are used herein 
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either to amplify nucleic acid constructs of the present invention or insert the 
constructs into a host cell or animal. Vectors comprise plasmids, viruses (e.g, 9 
adenovirus, cytomegalovirus), phage, retroviruses and linear nucleic acids such as 
integratable DNA fragments (i.e., fragments integratable into the host genome by 
recombination). The vector may replicate and function independently of the host 
genome or may in some instances, integrate into the genome itself. 

If desired, the vector may optionally contain flanking nucleic sequences which 
direct site-specific homologous recombination. The use of flanking DNA sequence to 
permit homologous recombination into a desired genetic locus is known in the art. At 
present it is preferred that up to several kilobases or more of flanking DNA 
corresponding to the chromosomal insertion site be present in the vector on both sides 
of the tTA-encoding sequence (or any other sequence of this invention to be inserted 
into a chromosomal location by homologous recombination) to assure precise 
replacement of chromosomal sequences with the exogenous DNA. See e.g. Deng et 
al, 1993, Mol. Cell. Biol 13(4):2 134-40; Deng et al, 1992, Mol Cell Biol 12(8):3365- 
71; and Thomas et al, 1992, Mol Cell Biol 12(7):29 19-23. It should also be noted that 
the cell of this invention may contain multiple copies of the gene of interest, e.g. by 
conventional genetic amplification, each operably linked to the tTA-responsive 
promoter. 

Transformed host cells are cells which have been transformed or transfected 
with vectors containing nucleic acid constructs of the invention and may or may not 
transcribe or translate the operatively associated nucleic acid of interest. 

3. Response elements and genetic switches employing the same. 

Response elements are known and any suitable response element may be 
employed in carrying out the present invention. 

In one particular embodiment, as described in US Patent No. 5,866,755 to 
Bujard et al. (BASF) and discussed in greater detail below, the response element is a 
tet operator; the ligand-controllable receptor is a tetracycline-controllable 
transactivator fusion protein; and the ligand is tetracycline or an analog thereof such 
as doxycycline. 
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Tetracycline-Inducible Transcriptional Activators. In the inducible regulatory 
used in the present invention, transcription of a nucleic acid of interested is activated 
by a transcriptional activator protein, also referred to herein simply as a transactivator. 
The transactivator of the invention may be a fusion protein. The term "fusion protein" 
is intended to describe at least two polypeptides, typically from different sources, 
which are operatively linked. With regard to the polypeptides, the term "operatively 
linked" is intended to mean that the two polypeptides are connected in manner such 
that each polypeptide can serve its intended function. Typically, the two polypeptides 
are covalently attached through peptide bonds. The fusion protein is preferably 
produced by standard recombinant DNA techniques. For example, a DNA molecule 
encoding the first polypeptide is ligated to another DNA molecule encoding the 
second polypeptide, and the resultant hybrid DNA molecule is expressed in a host cell 
to produce the fusion protein. The DNA molecules are ligated to each other in a 5' to 
3' orientation such that, after ligation, the translational frame of the encoded 
polypeptides is not altered (i.e., the DNA molecules are ligated to each other in- 
frame). 

A. The first polypeptide of the transactivator fusion protein. The 
transactivator fusion protein may be composed, in part, of a first polypeptide which 
binds to a tet operator sequence in the presence of tetracycline (Tc), or an analog 
thereof. The first polypeptide of the fusion protein is preferably a mutated Tet 
repressor. The term "mutated Tet repressor" is intended to include polypeptides 
having an amino acid sequence which is similar to a wild-type Tet repressor but 
which has at least one amino acid difference from the wild-type Tet repressor. The 
term "wild-type Tet repressor" is intended to describe a protein occurring in nature 
which represses transcription from tet operator sequences in prokaryotic cells in the 
absence of Tc. The amino acid difference(s) between a mutated Tet repressor and a 
wild-type Tet repressor may be substitution of one or more amino acids, deletion of 
one or more amino acids or addition of one or more amino acids. The mutated Tet 
repressor of the invention has the following functional properties: 1) the polypeptide 
can bind to a tet operator sequence, i.e., it retains the DNA binding specificity of a 
wild-type Tet repressor; and 2) it is regulated in a reverse manner by tetracycline than 
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a wild-type Tet repressor, i.e., the mutated Tet repressor binds to a tet operator 
sequence only the presence of Tc (or Tc analogue) rather than in the absence of Tc. 

In one embodiment, a mutated Tet repressor having the functional properties 
described above is created by substitution of amino acid residues in the sequence of a 
wild-type Tet repressor. For example, as described in Example 1 of US Patent No. 
5,866,755, a TnlO-derived Tet repressor having amino acid substitutions at amino 
acid positions 71, 95, 101 and 102 has the desired functional properties and thus can 
be used as the first polypeptide in the transactivator fusion protein of the invention. 
The amino acid sequence of this mutated Tet repressor is shown in SEQ ID NO: 2 
(positions 1-207) of US Patent No. 5,866,755. In one embodiment of the mutated Tet 
repressor, position 71 is mutated from glutamic acid to lysine, position 95 is mutated 
from aspartic acid to asparagine, position 101 is mutated from leucine to serine and 
position 102 is mutated from glycine to aspartic acid, although the invention is not 
limited to these particular mutations. Mutation of fewer than all four of these amino 
acid positions may be sufficient to achieve a Tet repressor with the desired functional 
properties Accordingly, a Tet repressor is preferably mutated at at least one of these 
positions Other amino acid substitutions, deletions or additions at these or other 
amino acid positions which retain the desired functional properties of the mutated Tet 
repressor are within the scope of the invention. The crystal structure of a Tet 
repressor-tetracycline complex, as described in Hinrichs, W. et al. (1994) Science 
264:418-420, can be used for rational design of mutated Tet repressors. Based upon 
this structure, amino acid position 71 is located outside the tetracycline binding 
pocket, suggesting mutation at this site may not be necessary to achieve the desired 
functional properties of a mutated Tet repressor of the invention. In contrast, amino 
acid positions 95, 101 and 102 are located within the conserved tetracycline binding 
pocket. Thus, the tetracycline binding pocket of a Tet repressor may be targeted for 
mutation to create a mutated Tet repressor that may be used to carry out the present 
invention. 

Additional mutated Tet repressors for incorporation into a fusion protein of the 
invention can be created according to the teachings of the invention. A number of 
different classes of Tet repressors have been described, e.g., A, B, C, D and E (of 
which the TnlO-encoded repressor is a class B repressor). The amino acid sequences 
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of the different classes of Tet repressors share a high degree of homology (i.e., 40- 
60% across the length of the proteins), including in the region encompassing the 
above-described mutations. The amino acid sequences of various classes of Tet 
repressors are shown and compared in FIG. 4 of US Patent No. 5,866,755, and are 
also described in Tovar, K. et al. (1988) Mol. Gen. Genet. 215:76-80. Accordingly, 
equivalent mutations to those described above for the TnlO-derived Tet repressor can 
be made in other classes of Tet repressors for inclusion in a fusion protein of the 
invention. For example, amino acid position 95, which is an aspartic acid in all five 
repressor classes, can be mutated to asparagine in any class of repressor. Similarly, 
position 102, which is glycine in all five repressor classes, can be mutated to aspartic 
acid in any class of repressor. Additional suitable equivalent mutations will be 
apparent to those skilled in the art and can be created and tested for functionality by 
procedures described herein. Nucleotide and amino acid sequences of Tet repressors 
of the A, C, D and E classes are disclosed in Waters, S. H. et al. (1983) Nucl. Acids 
Res 11:6089-6105, Unger, B. et al. (1984) Gene 31: 103-108, Unger, B. et al. (1984) 
Nucl Acids Res. 12:7693-7703 and Tovar, K. et al. (1988) Mol. Gen. Genet. 215:76- 
80, respectively. These wild-type sequences can be mutated according to the 
teachings of US Patent No. 5,866,755 for use in the inducible regulatory system 
described herein. 

Alternative to the above-described mutations, additional suitable mutated Tet 
repressors (i.e., having the desired functional properties described above) can be 
created by mutagenesis of a wild type Tet repressor and selection as described in 
Example 1 of US Patent No. 5,866,755. The nucleotide and amino acid sequences of 
wild-type class B Tet repressors are disclosed in Hillen, W. and Schollmeier, K. 
(1983) Nucl. Acids Res. 11:525-539 and Postle, K. et al. (1984) Nucl. Acids Res. 
12:4849-4863. The nucleotide and amino acid sequences of wild-type class A, C, D 
and E type repressors are cited above. A mutated Tet repressor can be created and 
selected, for example as follows: a nucleic acid (e.g., DNA) encoding a wild-type Tet 
repressor is subjected to random mutagenesis and the resultant mutated nucleic acids 
are incorporated into an expression vector and introduced into a host cell for 
screening. A screening assay is used which allows for selection of a Tet repressor 
which binds to a tet operator sequence only in the presence of tetracycline. For 
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example, a library of mutated nucleic acids in an expression vector can be introduced 
into an E. coli strain in which tet operator sequences control the expression of a gene 
encoding a Lac repressor and the Lac repressor controls the expression of a gene 
encoding an selectable marker (e.g., drug resistance). Binding of a Tet repressor to tet 
operator sequences in the bacteria will inhibit expression of the Lac repressor, thereby 
inducing expression of the selectable marker gene. Cells expressing the marker gene 
are selected based upon the selectable phenotype (e.g., drug resistance). For wild-type 
Tet repressors, expression of the selectable marker gene will occur in the absence of 
Tc. A nucleic acid encoding a mutated Tet repressor is selected using this system 
based upon the ability of the nucleic acid to induce expression of the selectable 
marker gene in the bacteria only in the presence of Tc. 

A first polypeptide of the transactivator fusion protein (e.g., the mutated Tet 
repressor) has the property of binding specifically to a tet operator sequence. Each 
class of Tet repressor has a corresponding target tet operator sequence. Accordingly, 
the term "tet operator sequence" is intended to encompass all classes of tet operator 
sequences, e.g. class A, B, C, D, and E. Nucleotide sequences of these five classes of 
tet operators are shown in FIG. 5 and SEQ ID NOs: 11-15 of US Patent No. 
5,866,755, and are described in Waters, S. H. et al. (1983) cited supra, Hillen, W. and 
Schollenmeier, K. (1983) cited supra, Stuber, D. and Bujard, H. (1981) Proc. Natl. 
Acad. Sci. USA 78:167-171, Unger, B. et al. (1984) cited supra and Tovar, K. et al. 
(1988) . In one embodiment, the mutated Tet repressor is a TnlO-encoded repressor 
(i.e., class B) and the let operator sequence is a class B let operator sequence. 
Alternatively, a mutated class A Tet repressor can be used with a class A let operator 
sequence, and so on for the other classes of Tet repressor/operators. 

Another approach for creating a mutated Tet repressor which binds to a class 
A tet operator is to further mutate the already mutated TnlO-derived Tet repressor 
described herein (a class B repressor) such that it no longer binds efficiently to a class 
B type operator but instead binds efficiently to a class A type operator. It has been 
found that nucleotide position 6 of class A or B type operators is the critical 
nucleotide for recognition of the operator by its complimentary repressor (position 6 
is a G/C pair in class B operators and an A/T pair in class A operators) (see Wissman 
et al. (1988) J Mol. Biol. 202:397-406). It has also been found that amino acid 
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position 40 of a class A or class B Tet repressor is the critical amino acid residue for 
recognition of position 6 of the operator (amino acid position 40 is a threonine in class 
B repressors but is an alanine in class A repressors). It still further has been found that 
substitution of Thr40 of a class B repressor with Ala alters its binding specificity such 
that the repressor can now bind a class A operator (similarly, substitution of Ala40 of 
a class A repressor with Thr alters its binding specificity such that the repressor can 
now bind a class B operator) (see Altschmied et al. (1988) EMBO J 7:4011-4017). 
Accordingly, one can alter the binding specificity of the mutated TnlO -derived Tet 
repressor by additionally changing amino acid residue 40 from Thr to Ala by standard 
molecular biology techniques (e.g., site directed mutagenesis). 

A mutated Tet repressor having specific mutations (e.g., at positions 71, 95, 
101 and/or 102, as described above) can be created by introducing nucleotide changes 
into a nucleic acid encoding a wild-type repressor by standard molecular biology 
techniques, e.g. site directed mutagenesis or PCR-mediated mutagenesis using 
oligonucleotide primers incorporating the nucleotide mutations. Alternatively, when a 
mutated Tet repressor is identified by selection from a library, the mutated nucleic 
acid can be recovered from the library vector. To create a transactivator fusion protein 
of the invention, a nucleic acid encoding a mutated Tet repressor is then ligated in- 
frame to another nucleic acid encoding a transcriptional activation domain and the 
fusion construct is incorporated into a recombinant expression vector. 

B. The second polypeptide of the transactivator Jusion protein. The first 
polypeptide of the transactivator fusion protein is operatively linked to a second 
polypeptide which directly or indirectly activates transcription in eukaryotic cells. To 
operatively link the first and second polypeptides, typically nucleotide sequences 
encoding the first and second polypeptides are ligated to each other in-frame to create 
a chimeric gene encoding a fusion protein, although the first and second polypeptides 
can be operatively linked by other means that preserve the function of each 
polypeptide (e.g., chemically crosslinked). In one embodiment, the second 
polypeptide of the transactivator itself possesses transcriptional activation activity 
(i.e., the second polypeptide directly activates transcription). In another embodiment, 
the second polypeptide activates transcription by an indirect mechanism, through 
recruitment of a transcriptional activation protein to interact with the fusion protein. 
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Accordingly, the term "a polypeptide which activates transcription in eukaryotic cells" 
as used herein is intended to include polypeptides which either directly or indirectly 
activates transcription. 

Polypeptides which can function to activate transcription in eukaryotic cells 
are well known in the art. In particular, transcriptional activation domains of many 
DNA binding proteins have been described and have been shown to retain their 
activation function when the domain is transferred to a heterologous protein. A 
preferred polypeptide for use in the fusion protein of the invention is the herpes 
simplex virus virion protein 16 (referred to herein as VP 16, the amino acid sequence 
of which is disclosed in Triezenberg, S. J. et aL (1988) Genes Dev. 2:718-729). In one 
embodiment, about 127 of the C-terminal amino acids of VP 16 are used. For example, 
a polypeptide having an amino acid sequence shown in SEQ ID NO: 2 (positions 208- 
335) of US Patent No. 5,866,755 can be used as the second polypeptide in the fusion 
protein. In another embodiment, at least one copy of about 1 1 amino acids from the 
C-terminal region of VP 16 which retain transcriptional activation ability is used as the 
second polypeptide. Preferably, a dimer of this region (i.e., about 22 amino acids) is 
used. Suitable C-terminal peptide portions of VP 16 are described in Seipel, K. et al. 
(EMBO J (1992) 13:4961-4968). For example, a dimer of a peptide having an amino 
acid sequence shown in SEQ ID NO: 4 (encoded by a nucleotide sequence shown in 
SEQ ID NO: 3) of US Patent No. 5,866,755 can be used as the second polypeptide in 
the fusion protein. 

Other polypeptides with transcriptional activation ability in eukaryotic cells 
can be used in the fusion protein of the invention. Transcriptional activation domains 
found within various proteins have been grouped into categories based upon similar 
structural features. Types of transcriptional activation domains include acidic 
transcription activation domains, proline-rich transcription activation domains, 
serine/threonine-rich transcription activation domains and glutamine-rich transcription 
activation domains. Examples of acidic transcriptional activation domains include the 
VP 16 regions already described and amino acid residues 753-881 of GAL4. Examples 
of proline-rich activation domains include amino acid residues 399-499 of CTF/NF1 
and amino acid residues 31-76 of AP2. Examples of serine/threonine-rich 
transcription activation domains include amino acid residues 1-427 of ITF1 and 
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amino acid residues 2-451 of ITF2. Examples of glutamine-rich activation domains 
include amino acid residues 175-269 of Octl and amino acid residues 132-243 of Spl. 
The amino acid sequences of each of the above described regions, and of other useful 
transcriptional activation domains, are disclosed in Seipel, K. et al. (EMBO J (1992) 
13:4961-4968). 

In addition to previously described transcriptional activation domains, novel 
transcriptional activation domains, which can be identified by standard techniques, are 
within the scope of the invention. The transcriptional activation ability of a 
polypeptide can be assayed by linking the polypeptide to another polypeptide having 
DNA binding activity and determining the amount of transcription of a target 
sequence that is stimulated by the fusion protein. For example, a standard assay used 
in the art utilizes a fusion protein of a putative transcriptional activation domain and a 
GAL4 DNA binding domain (e.g., amino acid residues 1-93). This fusion protein is 
then used to stimulate expression of a reporter gene linked to GAL4 binding sites (see 
e.g., Seipel, K. et al. (1992) EMBO J. 1 1 :4961-4968 and references cited therein). 

In another embodiment, the second polypeptide of the fusion protein indirectly 
activates transcription by recruiting a transcriptional activator to interact with the 
fusion protein. For example, a mutated tetR of the invention can be fused to a 
polypeptide domain (e.g., a dimerization domain) capable of mediating a protein- 
protein interaction with a transcriptional activator protein, such as an endogenous 
activator present in a host cell. It has been demonstrated that functional associations 
between DNA binding domains and transactivation domains need not be covalent (see 
e.g., Fields and Song (1989) Nature 340:245-247; Chien et al. (1991) Proc. Natl. Acad 
Sci. USA 88:9578-9582; Gyuris et al. (1993) Cell 75:791-803; and Zervos, A. S. 
(1993) Cell 72:223-232). Accordingly, the second polypeptide of the fusion protein 
may not directly activate transcription but rather may form a stable interaction with an 
endogenous polypeptide bearing a compatible protein-protein interaction domain and 
transactivation domain. Examples of suitable interaction (or dimerization) domains 
include leucine zippers (Landschulz et al. (1989) Science 243:1681-1688), helix-loop- 
helix domains (Murre, C. et al. (1989) Cell 58:537-544) and zinc finger domains 
(Frankel, A. D. et al. (1988) Science 240:70-73). Interaction of a dimerization domain 
present in the fusion protein with an endogenous nuclear factor results in recruitment 
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of the transactivation domain of the nuclear factor to the fusion protein, and thereby to 
a tet operator sequence to which the fusion protein is bound. 

C A third polypeptide of the transactivator fusion protein. In addition to a 
mutated Tet repressor and a transcriptional activation domain, a fusion protein of the 
invention can contain an operatively linked third polypeptide which promotes 
transport of the fusion protein to a cell nucleus. Amino acid sequences which, when 
included in a protein, function to promote transport of the protein to the nucleus are 
known in the art and are termed nuclear localization signals (NLS). Nuclear 
localization signals typically are composed of a stretch of basic amino acids. When 
attached to a heterologous protein (e.g., a fusion protein of the invention), the nuclear 
localization signal promotes transport of the protein to a cell nucleus. The nuclear 
localization signal is attached to a heterologous protein such that it is exposed on the 
protein surface and does not interfere with the function of the protein. Preferably, the 
NLS is attached to one end of the protein, e.g. the N-terminus. The amino acid 
sequence of a non-limiting example of an NLS that can be included in a fusion protein 
of the invention is shown in SEQ ID NO: 5 of US Patent No. 5,866,755. Preferably, a 
nucleic acid encoding the nuclear localization signal is spliced by standard 
recombinant DNA techniques in-frame to the nucleic acid encoding the fusion protein 
(e.g., at the 5' end). 

The second component of the genetic switch is the tTA-responsive 
transcriptional promoter to which the gene of interest is operably linked. The 
promoter may be a minimal promoter comprising, for example, a portion of the 
cytomegalovirus (CMV) IE promoter, operably linked to at least one tet operator 
sequence, derived for example from the tetracycline resistance operon encoded in 
TnlO of E. coli (Hillen & Wissmann, "Topics in Molecular and Structural biology" in 
Protein-Nucleic Acid Interaction, Saeger & Heinemannn eds., Macmillan, London, 
1989, Vol. 10, pp. 143- 162), to serve as target sequences for a tTA. Other suitable 
minimal promoters include PhCMV*-l, PhCMV*-2, and PtK*-l, or other minimal 
promoters derived from promoter elements typically used in the cell line employed as 
described in the references throughout this application. Minimal promoter elements 
particularly useful for a given cell line may be selected from a series of deletion 
mutants of the original promoter nucleotide sequence, based on the ability of a given 
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member of the series (for instance, placed as a Xhol/Sacll fragment into the 
corresponding restriction sites of plasmid pUHC13-3) to be activated in transient 
transfection experiments using a cell line stably expressing the tetR-VP16 fusion 
protein; as will be appreciated a cell line stably expressing any other fusion of tetR 
with a protein domain capable of activating transcription (see below) can be used. As 
will also be appreciated plasmid pUHC13-3 may be modified for the specific 
application by replacing genetic elements like poly-adenylation sites or splice sites 
with those functioning in the cell line in question. Specific details may be found in the 
references throughout this application or references cited therein, the full contents of 
which are incorporated herein by reference. A second criterion for the selection of the 
optimal minimal promoter is the degree of repression in the presence of tetracycline. 

Tetracycline analog Uganda. A "tetracycline analog" is any one of a number of 
compounds that are closely related to tetracycline (Tc) and which bind to the tet 
repressor with a Ka of at least about 10 6 M -'. Examples of such tetracycline analogues 
include, but are not limited to those disclosed by Hlavka and Boothe, "The 
Tetracyclines," in Handbook of Experimental Pharmacology 78, R. K. Blackwood et 
al. (eds.), SpringerVerlag, Berlin-N.Y., 1985; L. A. Mitscher "The Chemistry of the 
Tetracycline Antibiotics, Medicinal Research 9, Dekker, N.Y., 1978; Noyee 
Development Corporation, "Tetracycline Manufacturing Processes," Chemical 
Process Reviews, Park Ridge, N.J., 2 volumes, 1969; R. C. Evans, "The Technology 
of the Tetracyclines,™ Biochemical Reference Series 1, Quadrangle Press, New York, 
1968; and H. F. Dowling, "Tetracycline," Antibiotics Monographs, no. 3, Medical 
Encyclopedia, New York, 1955; the contents of each of which are fully incorporated 
by reference herein. Examples of tetracycline analogues include anhydrotetracycline, 
doxycycline, chlorotetracycline, epioxytetracycline, cyanotetracycline and the like. 
Certain Tc analogues, such as anhydrotetracycline and epioxytetracycline, have 
reduced antibiotic activity compared to Tc. 

Steroid response elements function in like manner to the tet operator-based 
response element and can also be utilized herein. Thus, in another embodiment, the 
response element is a progesterone receptor response element; the ligand-controllable 
receptor is a progesterone-controllable transactivator protein; and the ligand is 
progesterone or an analog thereof. In still another embodiment, the response element 
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is an estrogen receptor response element; the ligand-controllable receptor is an 
estrogen-controllable transactor protein; and the ligand is estrogen or an analog 
thereof. 



4. Transgenic ani mals and methods of making . 

The production of transgenic animals is well known. For example, U.S. Patent 
No. 5,859,310 to Bujard et al., at column 17, generally describes methods in which a 
transgenic animal which contains in it's genome the nucleic acid of interest is 
produced by the following steps: (1) A chimeric DNA sequence is prepared where a 
Tc responsive promoter element, (comprising at least one tet operator and a minimal 
promoter) is cloned 5' of the DNA sequences encoding the endogenous gene of 
interest. (2) The chimeric DNA sequence (called also "the chimeric transgene") is 
then injected into a fertilized egg, which is implanted into a pseudopregnant recipient 
mother and allowed to develop into an adult animal. In particular, a few hundred 
DNA molecules are injected into the pro-nucleus of a fertilized one cell egg. The 
microinjected eggs are then transferred into the oviducts of pseudopregnant foster 
mothers and allowed to develop. See generally Brinster et al. Proc. Natl. Acad. Sci 
U.S.A. Vol. 83:9065-9069 (1986). Breeding of animals resulting from this process 
produces offspring containing the chimeric transgene. As will be appreciated, the 
particular breeding strategy depends on factors such as the nucleic acid of interest and 
the animal into which it is inserted. Animals of the present invention can be produced 
by substantially the same techniques, by injecting nucleic acid constructs of the 
present invention. 

U.S. Patent No. 4,873,191 to Wagner and Hoppe (Ohio University) describes a 
method of obtaining a mammal characterized as having a plurality of cells containing 
exogenous genetic material, the material including at least one gene and a control 
sequence operably associated therewith, which, under predetermined conditions, 
express the gene under the control of the control sequence in a cell of the mammal. 
The method comprises: (a) introducing exogenous genetic material into a pronucleus 
of a mammalian zygote by microinjection, the zygote being capable of development 
into a mammal, the genetic material including at least one gene and a control 
sequence operably associated therewith, thereby obtaining a genetically transformed 
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zygote; (b) transplanting an embryo derived from the genetically transformed zygote 
into a pseudopregnant female capable of bearing the embryo to term; and (c) 
allowing the embryo to develop to term; where the gene and control sequence are 
selected so that the gene is not activated in such manner and degree as would prevent 
normal development of the embryo to term. Again, animals of the present invention 
can be produced by substantially the same techniques, by introducing nucleic acid 
constructs of the present invention into the pronucleus zygote by microinjection. 

U.S. Patent No. 4,736,866 to Leder and Stewart (Harvard) describes a 
transgenic non-human mammal and methods of making the same, wherein mammal 
all of the germ cells and somatic cells of the transgenic animal contain a recombinant 
activated oncogene sequence introduced into the mammal, or an ancestor of the 
mammal, at an embryonic stage. Animals of the present invention can be made by 
like techniques by introduction of nucleic acid constructs as described herein. Note 
also that the present invention is useful for propagating transgenic animal models of 
disease, such as those described in Leder and Stewart, where it is desirable to increase 
the size of the litter of the breeding animals. 

U.S. Patent No. 4,873,316 to Meade and Lonberg (Biogen) describes a process 
for the production and secretion into mammal's milk of an exogenous recombinate 
protein comprising the steps of: (a) producing milk in a transgenic mammal 
characterized by an expression system comprising a casein promoter operatively 
linked to an exogenous DNA sequence coding for the recombinant protein through a 
DNA sequence coding for a signal peptide effective in secreting and maturing the 
recombinant protein in mammary tissue; (b) collecting the milk; and (c) isolating the 
exogenous recombinant protein from the milk. Animals of the present invention can 
be produced by like techniques as described therein In addition, animals as described 
in Meade and Lonberg, further comprising cells containing nucleic acid constructs of 
the present invention as described herein, are a further embodiment of the present 
invention. 

U.S. Patent No. 6,369,294 to J. Piedrahata and F. Bazer (Texas A&M 
University System) describes a method of producing a transgenic pig comprising (a) 
introducing a selected DNA segment into a cell culture comprising porcine primordial 
germ cells to obtain candidate porcine primordial germ cells that contain the selected 
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DNA segment; (b) plating the candidate porcine primordial germ cells that contain the 
selected DNA segment on feeder cells (the feeder cells preferably at a density of 
between about 2.5 x 10 s cells/cm 2 and about 10 6 cells/m 2 ), in a culture medium 
comprising an effective amount of basic fibroblast growth factor and an apoptosis 
inhibitor, to obtain undifferentiated porcine primordial germ cells that contain the 
selected DNA segment; and (c) generating a transgenic pig from the undifferentiated 
porcine primordial germ cells that contain the selected DNA segment, wherein the 
selected DNA segment is contained and expressed in somatic and germ cells of the 
transgenic pig. Animals of the present invention can be produced in like manner by 
utilizing the nucleic acid constructs described herein as the selected DNA segment. 

U.S. Patent No. 6,344,596 to W. Velander et al. (American Red Cross) 
describes a non-human transgenic mammal containing an exogenous DNA molecule 
that is stably integrated in its genome, wherein the exogenous DNA molecule 
comprises: (a) 5' regulatory sequences of a mammary gland-specific gene including a 
promoter; (b) a Factor IX-encoding DNA sequence that encodes a signal sequence, a 
Factor IX pro-sequence, and a Factor DC sequence in a 5 1 to 3' direction, wherein the 
signal sequence is effective in directing the secretion of the Factor DC into the milk of 
the transgenic mammal and wherein the Factor DC sequence lacks the complete 5 1 - 
untranslated and 3 '-untranslated regions of the Factor IX gene; and (c) 3' regulatory 
sequences from a mammary gland-specific gene or 3' regulatory sequences active in a 
mammary gland, wherein the 5' and the 3' regulatory sequences are operatively 
linked to the Factor IX-encoding DNA sequence, and wherein the promoter is 
selected from the group consisting of whey acidic protein (WAP) promoter, a-casein 
promoter, p-casein promoter, K-casein promoter, a-lactalbumin promoter and J3- 
lactoglobulin promoter. The transgenic mammal is preferably selected from the group 
consisting of mice, rats, rabbits, pigs, sheep, goats and cows. Animals of the present 
invention can be produced in like manner as described therein, and the present 
invention can be utilized to increase the litter size or gamete production in animals as 
described therein. 

U.S. Patent No. 6,339,183 to T.T. Sun (New York University) describes a 
nonhuman transgenic mammalian animal whose genome comprises a promoter 
construct linked to a heterologous DNA encoding a selected biologically active 
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molecule, wherein the promoter construct directs expression of the heterologous 
DNA to the urothelium and the transgenic mammalian animal has detectable levels of 
the selected biologically active molecule in its urine. The mammal is preferably 
selected from the group consisting of mice, rats, cows, pigs, sheep, goats, monkeys, 
and rabbits. Animals of the present invention can be produced in like manner as 
described therein, and the present invention can be utilized to increase the litter size or 
gamete production in animals as described therein. 

U.S. Patent No. 6,331,658 to D. Cooper and E. Koren describes non-human 
transgenic mammals, and methods of making the same, wherein the genome of the 
mammal stably includes a nucleotide sequence encoding a sialyltransferase or 
fucosyltransferase in operable linkage with a promoter, wherein expression of the 
nucleotide sequence in at least some of the cells of an organ of the mammal results in 
a reduction of 1— >3 galactosyl epitopes on the surface of at least some of the cells of 
the organ of the mammal such that the organ exhibits a decrease in antibody-mediated 
rejection when the tissue is exposed to human serum as compared to a mammalian 
organ of the same species which does not comprise cells expressing the nucleotide 
sequence. The animals are useful as a source of organs or tissue for transplant. 
Animals of the present invention can be produced in like manner as described therein, 
and the present invention can be utilized to increase the litter size or gamete 
production in animals as described therein. 

U.S. Patent No. 6,255,554 to H. Lubon et al. (American National Red Cross; 
Virginia Polytechnic Institute) describes a non-human transgenic mammal and 
methods of making the same, where the mammal produces in its mammary gland cells 
and secretes into its milk at detectable levels human Factor VIII or fragment thereof 
which retains physiological activity of human Factor VIII and human von Willebrand 
Factor or fragment thereof which retains physiological activity of human von 
Willebrand Factor, wherein the transgenic mammal has stably integrated into its 
genome a first exogenous gene construct and a second exogenous gene construct, 
wherein the first exogenous gene construct comprises: (a) 5' expression regulating 
sequences, including a mammary gland-specific promoter; (b) DNA encoding the 
Factor VIII or fragment thereof, and a signal sequence effective in directing secretion 
of the Factor VIII or fragment thereof into the milk of the transgenic mammal; and 
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(c) 3' regulatory sequences, including a polyadenylation signal, that result in the 
expression of the DNA encoding the Factor VIII or fragment thereof, in the 
mammary gland cells, wherein (a), (b) and (c) are operably linked in the first 
exogenous gene construct to obtain production of the Factor VIII or fragment thereof 
in the mammary gland cells and secretion thereof into the milk of the transgenic 
mammal; and the second exogenous gene construct comprises: (d) 5' expression 
regulating sequences, including a mammary gland-specific promoter; (e) DNA 
encoding the von Willebrand Factor or fragment thereof, and a signal sequence 
effective in directing secretion of the von Willebrand Factor or fragment thereof into 
the milk of the transgenic mammal; and (f) 3' regulatory sequences, including a 
polyadenylation signal, that result in the expression of the DNA encoding the von 
Willebrand Factor or fragment thereof, in the mammary gland cells, wherein (d), (e) 
and (f) are operably linked in the second exogenous gene construct to obtain 
production of the von Willebrand Factor or fragment thereof in the mammary gland 
cells and secretion thereof into the milk of the transgenic mammal. The mammal is 
preferably a mouse, rat, rabbit, pig, sheep, goat and cattle. Animals of the present 
invention can be produced in like manner as described therein, and the present 
invention can be utilized to increase the litter size or gamete production in animals as 
described therein. 

U.S. Patent No. 6,204,431 to P. Prieto et al. (Abbott Laboratories) describes a 
non-human, transgenic mammal, wherein the genome of the mammal comprises at 
least one heterologous DNA sequence encoding an enzyme, wherein the enzyme is a 
glycosyltransferase operatively linked to a mammary gland-specific promoter, 
wherein expression of the at least one DNA sequence results in the production of 
oligosaccharides and glycoproteins in the milk of the mammal. The mammal is 
preferably a mouse, a rat, a rabbit, a pig, a goat, a sheep and a cow. Animals of the 
present invention can be produced in like manner as described therein, and the present 
invention can be utilized to increase the litter size or gamete production in animals as 
described therein. 

U.S. Patent No. 6,166,288 to L. Diamond et al. (Nextran Inc., Princeton, NJ), 
describes transgenic pigs and methods of making the same which may be used in a 
method of preparing organs, tissues, or cells for xenotransplantation into human 
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patients with reduced rejection comprising the steps of: (a) providing a transgenic pig 
which is a source of transplant material which is anatomically and physiologically 
compatible with a human patient, the material selected from the group consisting of 
organs, tissues, or cells, the pig expressing (i) at least one transgenically encoded 
enzyme, functional in the pig, and in particular in the organs, tissues, or cells, that 
masks or reduces the level of a zenoreactive antigen of the transplant material, the at 
least one enzyme being a fucosyltransferase, and (ii) at least one transgenically 
encoded complement inhibitor functional in humans; and (b) isolating the transplant 
material from the transgenic pig, the material having been modified by the enzyme, 
wherein the modification results in a masking or a reduction in the level of a 
zenoreactive antigen thereof, the material further being associated with the 
complement inhibitor. Animals of the present invention can be produced in like 
manner as described therein, and the present invention can be utilized to increase the 
litter size or gamete production in animals as described therein. 

U.S. Patent No. 5,959,171 to. J.M. Hyttinin et al. (Pharming BV), describes 
transgenic non-human mammals and methods of making the same, where the 
mammal's genome comprises a mammary gland specific expression system, wherein 
the mammal is selected from the group consisting of mouse, rat, rabbit, sheep, pig and 
cow, and wherein a detectable level of erythropoietin is expressed in the milk of the 
transgenic mammal or a descendant of the mammal. The mammary gland specific 
expression system comprising in operable linkage: (a) expression regulatory elements 
from a milk protein gene or a mammary tumor virus, (b) a DNA sequence encoding a 
signal sequence, (c) a DNA sequence encoding a fragment of a non-EPO protein, 
where the fragment is sufficient to reduce or prevent the formation of side effects 
associated with ectopic expression or leakage of erythropoietin, or a DNA sequence 
encoding a non-EPO protein, wherein the protein reduces or prevents the formation of 
side effects associated with ectopic expression or leakage of erythropoietin, and a (d) 
a DNA sequence encoding erythropoietin, whereby elements (c) and (d) are linked in 
frame forming a fusion protein. Animals of the present invention can be produced in 
like manner as described therein, and the present invention can be utilized to increase 
the litter size or gamete production in animals as described therein. 



WO 2004/061077 



PCT/US2003/039236 



-27- 

U.S. Patent No. 5,880,327 to H. Lubon et al. (American Red Cross) describes 
a non-human transgenic mammal that produces in its mammary gland cells and 
secretes into its milk at detectable levels a recombinant human Factor VIII protein or 
fragment or modification thereof having physiological activity of human Factor VIII, 
wherein the transgenic mammal has stably integrated into its genome an exogenous 
gene construct comprising: (a) 5* expression regulating sequences, including a 
mammary gland-specific promoter; (b) DNA encoding the Factor VIII protein or 
fragment or modification thereof, and a signal sequence effective in directing 
secretion of the Factor VIII protein or fragment thereof into the milk of the 
transgenic mammal; and (c) 3 1 regulatory sequences, including a polyadenylation 
signal, that result in the expression of the DNA in the mammary gland cells, wherein 
(a), (b), and (c) are operably linked in the gene construct to obtain production of the 
Factor VIII protein or fragment or modification thereof in the mammary gland cells 
and secretion thereof into the milk of the transgenic mammal. The mammal is 
preferably mouse, rat, rabbit, pig, sheep, goat or cattle. Animals of the present 
invention can be produced in like manner as described therein, and the present 
invention can be utilized to increase the litter size or gamete production in animals as 
described therein. 

U.S. Patent No. 5,639,457 to G. Brem describes a process for the production 
of antibodies, comprising the steps of: introducing at least one DNA sequence coding 
for a rearranged antibody, the DNA sequence being free of bacterial foreign 
sequences, into the male pronucleus of a fertilized ovum of a pig or rabbit by 
microinjection, implanting the ovum in the oviduct of a pig or rabbit to obtain 
offspring, raising the resulting transgenic animal, and isolating the rearranged 
antibody from the transgenic animal wherein the rearranged antibody is produced at a 
concentration of at least 200 jig/ml. Animals of the present invention can be produced 
in like manner as described therein, and the present invention can be utilized to 
increase the litter size or gamete production in animals as described therein. 

U.S. Patent No. 5,639,940 to I. Garner et al. (Pharmaceutical Proteins Ltd.; 
Zymogenetics Inc) describes a method for producing biocompetent fibrinogen 
comprising: providing a first DNA segment encoding a secretion signal operably 
linked to a heterologous fibrinogen Act chain, a second DNA segment encoding a 
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secretion signal operably linked to a heterologous fibrinogen BP chain, and a third 
DNA segment encoding a secretion signal operably linked to a heterologous 
fibrinogen y chain, wherein each chain is from the same species, and wherein each of 
the first, second and third segments is operably linked to additional DNA segments 
required for its expression in the mammary gland of a host female mammal; 
introducing the DNA segments into a fertilized egg of a non-human mammalian 
species heterologous to the species of origin of the fibrinogen chains; inserting the 
egg into an oviduct or uterus of a female of the mammalian species to obtain 
offspring carrying the DNA segments; breeding the offspring to produce female 
progeny that express the first, second and third DNA segments and produce milk 
containing biocompetent fibrinogen encoded by the segments; collecting milk from 
the female progeny; and and recovering the biocompetent fibrinogen from the milk. 
Animals of the present invention can be produced in like manner as described therein, 
and the present invention can be utilized to increase the litter size or gamete 
production in animals as described therein. 

U.S. patent No. 5,589,604 to W. Drohan et al. (American Red Cross) describes 
a transgenic non-human mammal that contains and expresses a human protein C DNA 
construct in the cells of its mammary gland, wherein the DNA construct consists of: 
(a) a mammary gland promoter, (b) a nucleotide sequence that encodes a signal 
peptide, wherein the signal peptide is effective in directing the secretion of an 
associated polypeptide into the milk of the transgenic non-human mammal, and 
wherein the signal peptide-encoding nucleotide sequence is operatively associated 
with the mammary gland promoter, and (c) a nucleotide sequence encoding human 
protein C that is operatively associated with the signal peptide-encoding nucleotide 
sequence, wherein human protein C is secreted into the milk of the transgenic non- 
human mammal, and when purified, the protein C has a specific activity more than 
about 80% of the specific activity of human protein C isolated from human plasma, as 
determined by an assay of protein C serine protease activity or anticoagulant activity, 
and wherein the non-human mammal is selected from the group consisting of mouse, 
pig, sheep, goat and cattle. Animals of the present invention can be produced in like 
manner as described therein, and the present invention can be utilized to increase the 
litter size or gamete production in animals as described therein. 
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U.S. Patent No. 5,602,306 to Townes et al. (UAB Research Foundation) 
describes a transgenic pig produced by a method comprising introducing into a single- 
celled pig embryo two species of recombinant nucleic acid molecule, one of which 
comprises at least one erythroid-specific p-globin DNase I hypersensitive site 
directing expression of human a-globin protein and the other of which comprises at 
least one erythroid-specific p-globin DNAse I hypersensitive site directing expression 
of human P-globin protein, whereby a transgenic pig expressing human hemoglobin is 
produced. Animals of the present invention can be produced in like manner as 
described therein, and the present invention can be utilized to increase the litter size or 
gamete production in animals as described therein. 

U.S. Patent No. 5,573,933 to R. Seamark and J. Wells (Luminis Pty., Ltd.) 
describes a method for preparing a transgenic pig which overexpresses porcine 
growth hormone, the method comprising the steps of: (a) obtaining a recently 
fertilized pig ovum; (b) isolating a first DNA sequence encoding a human 
metalliothionine IIA promoter; (c) inserting the first DNA sequence into a plasmid 
cloning vector; (d) isolating a second DNA sequence encoding porcine growth 
hormone, the second DNA sequence being an EcoRI fragment of approximately 814 
base pairs; (e) inserting the second DNA sequence into the plasmid cloning vector at 
suitable site such that the first DNA sequence can act as a promoter for expression of 
the second DNA sequence upon transgenesis; (f) isolating a third DNA sequence 
including the 3 1 end of the porcine growth hormone gene, the DNA sequence 
including a Smal/BamHI fragment of approximately 1000 base pairs; (g) modifying 
the 3' end of the third DNA sequence by treatment with Bal31 to delete regions 
identified as repeated sequences; (h) inserting the modified third DNA sequence into a 
Smal site in the second DNA sequence to generate a plasmid expression vector; (i) 
introducing the plasmid expression vector or a linerized insert therefrom comprising 
the first, second and third DNA sequences into the male pronucleus of the fertilized 
pig ovum prior to fusion with the female nucleus to form a single cell embryo; and, 0) 
subsequently implanting the ovum into a female pig and allowing the embryo, 
resulting from introduction of the plasmid cloning vector into the ovum, to develop to 
maturity. Animals of the present invention can be produced in like manner as 
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described therein, and the present invention can be utilized to increase the litter size or 
gamete production in animals as described therein. 

5. Applications of the invention. 

The present invention is useful, among other things, for determining the 
presence of a transforming growth factor p in a sample. The method generally 
comprises the steps of: (a) providing a pituitary gonadotrope host cell that contains a 
nucleic acid construct acomprising an FSHp locus control region as described above 
operatively associated with a promoter, which promoter is operatively associated with 
a nucleic acid encoding a detectable protein or peptide such as luciferase; (b) 
contacting a sample suspected of containing transforming growth factor p to said cell; 
and then (c) detecting the production of said detectable protein or peptide by said cell, 
the production of said detectable protein or peptide indicating the presence of a 
transforming growth factor P in said sample. The cells can be produced by in vitro 
transformation or derived from an in vitro culture, or obtained from transgenic 
animals that contain the cells. The contacting step may be carried out in an aqueous 
solution according to known techniques. Any transforming growth factor p that 
activates FSHP expression in pituitary gonadotropes can be detected or 
determined/quantified by the method of the invention, including homodimers and 
heterodimers, and including bone morphogenetic proteins. The detecting step may be 
carried out by a step of (d) determining or quantifying the amount of said 
transforming growth factor p in said sample, which determining step may be carried 
out by known techniques such as by comparing the quantity of the detectable protein 
or peptide produced in response to the sample against that produced in response to 
one or more known standards. 

An additional application of one embodiment of the invention is shematically 
shown in Figure 1, in which an FSHp switch (p-tetO DNA construct) is controlled by 
the ovine FSHP promoter, which expresses the tet receptor only in pituitary 
gonadotropes. The tet receptor is not expressed anywhere else in the body of the host 
animal. When doxycycline (Dox) is present, it binds to the tet receptor and activates 
the tet operator, which in turn activates expression of the heterologous ovine FSHp 
subunit. The excess FSHp subunit joins with excess native FSHa subunit in 
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gonadotropes (even where the FSHp subunit and the FSHa subunit are of different 
species) to make active FSH. The "extra" FSH stimulates the ovary to ovulate more 
oocytes than normal. 

Thus a further aspect of the present invention is a non-naturally occurring 
rollicle stimulating hormone, comprising and FSHa subunit from a first mammalian 
species (e.g., dog, cat, mouse, rat, cow, pig, horse, sheep, human) and an FSHp 
subunit from a second different mammalian species (e.g., dog, cat, mouse, rat, cow, 
pig, horse, sheep, human), which may be obtained, isolated and purified from cells as 
described above in accordance with known techniques for the isolation of native FSH, 
optionally including an affinity purification step employing antibodies that 
specifically bind to a non-native FSHa or FSHp subunit. 

The present invention is explained in greater detail in the following non- 
limiting Examples, in which the FSHp locus control region, tet receptor, tet operator 
and sheep structural FSHP gene have been successfully associated and shown to 
increase FSH and ovulation in mice that carry the gene. 

Example 1 

Identification of Sheep FSHB Locus Control Region 

The sheep FSHp locus control region (FSHpLCR) was discovered to be 
located between -2.6 kb and -3.7 kb in relation to the transcription start site. It is 
absolutely required by the FSHp promoter for expression of FSHp in pituitary 
gonadotropes in vivo. Pituitary gonadotropes are the only cells known to express 
FSHP and the LCR is necessary for this "targeted" expression. 

Example 2 

Identification of Pig and Human FSHB LCRs 

The pig and human FSHp LCR were identified based upon their homology to 
the Sheep FSHP LCR by BLAST 2 homology analysis. 

Approximately 80 percent homology occurs in the proximal promoters of the 
sheep, pig and human FSHp. The mouse has fewer areas of 80% sequence similarity. 
Areas of approximately 80 percent homology also occur upstream of all FSHp 
promoters, as shown in the marked areas of Figure 2. This high level of sequence 
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conservation so far upstream, coupled with the fact that they are experimentally 
associated with gonadotrope-specific expression of oFSHpLuc, indicates that these 
sequences are locus control regions (LCRs). 

The sequences for sheep, pig and human FSHp LCRs are described herein as 
SEQ ID NO:l, SEQ ID NO:3 and SEQ ID NO:5, respectively. Also the sequences 
for the FSHpLCR/promoter units with intervening regions for sheep, pig and human 
are given herein as SEQ ID NO:2, SEQ ID NO:3 and SEQ ID NO:6, respectively. 

Example 3 
Transgenic Mice 

The sheep FSHp LCR was isolated along with its promoter in accordance with 
standard techniques and operatively associated with a new structural gene, the tet 
receptor, so. that mice carrying this transgene expressed the tet receptor exclusively 
and strongly in pituitary gonadotropes. Linked to the FSHpLCR/tet operator gene 
unit was a second gene unit: the tet operator operatively associated with the structural 
gene for sheep FSHp. As shown in Figure 3, transgenic mice carrying this complex 
of two gene units (FSHpLCR/tet receptor plus tet operator/FSHp gene) expressed the 
tet receptor exclusively in pituitary gonadotropes and produced FSHp only in these 
same cells when tetracycline, or its doxycycline agonist, was administered. The 
increase in FSHp production created more FSH which increased ovulation by 2.4-fold 
(from an average of 12 ± 0.5 to 29 ± 4). Ovulation of this magnitude is matched only 
by time-consuming treatments with costly fertility hormones. 

The foregoing is illustrative of the present invention, and is not to be construed 
as limiting thereof. The invention is defined by the following claims, with 
equivalents of the claims to be included therein. 



